ABSTRACT: A total of 913 boned pork loins were selected in a commercial cutting operation on the basis of color measured by a Colormet surface colorimeter.
Introduction
The main defect associated with fresh pork is PSE meat. It can be caused by malignant hyperthermia (MH), also known as porcine stress syndrome (PSS), or preslaughter handling, a combination of both, or other undefined factors (Mitchell and Heffron, 1982) . Although the effect of the halothane gene has been reported to be recessive for meat quality (Webb and Simpson, 1986) , many studies have shown that heterozygote animals displayed meat quality characteristics intermediate between those of normal and homozygote pigs (Murray et al., 1989; Simpson and Webb, 1989; Sather et al., 1991a,b) . Recently, the mutation responsible for MH was reported to involve a C to T transition in the ryanodine receptor cDNA (Fujii et al., 1991) , and this mutation was shown to be tightly linked to the halothane phenotype (Fujii et al., 1991; Otsu et al., 1991) . This discovery provides J. h i m . Sci. 1993. 71:420-425 an efficient alternative to halothane testing used to detect homozygous individuals. In addition, it permits the detection of heterozygote carriers that could previously only be identified by progeny testing or blood marker technology (Gahne and Juneja, 1985) . The presence of this mutation also provides the opportunity to determine the genotype from fresh meat samples.
The objective of this work was to determine the proportion of PSE loins on the cutting line that carried the halothane gene. Results of this study cannot be used to assess the incidence of carriers in the pig population because the sample was purposely biased toward the choice of loins that displayed PSE characteristics, mainly on the basis of color.
Materials and Methods
A total of 913 pork loins were chosen 24 h postmortem in a commercial slaughter and cutting operation over a period of 10 d. The loins were selected to obtain a representative sample of PSE meat. In addition, a sample containing normally colored loins was also selected to obtain a control group. For this purpose the sample was chosen in a process whereby the loins were graded by an "in-house" grader on the basis of a visual appraisal of the boned loin. The graders were trained to detect and consider meat having a surface Commission Internationale de 1'Eclairage (CIE) L value of 2 53.5 to be PSE. All the selected loins were then subjected to objective quality measurements. Color measured with the Colormet surface colorimeter (CIE L, a, b values) was taken at three locations: on the caudal portion of the loin ( L 1 , al, bl) , on the middle portion ( L 2 , a2, b2)) and on the cranial portion ( L 3 , a3, b3) . The average values for each color characteristic of individual loins was then calculated and tabulated as L avg, a avg, and b avg. In addition, the palest location on each loin was called L max. A 1-cm-thick slice of longissimus muscle from the cranial end was excised and used to determine waterholding capacity as free water ( FW) and ultimate pH ( pHu). A filter paper technique was used as a rapid method to determine free water. A corkborer with an inside diameter of 1.4 cm was used to punch out a piece of meat from the center of the longissimus muscle. The piece of meat was immediately placed in four layers of preweighed Whatman filter paper 7 cm in diameter (three layers of Whatman #4 and one layer of Whatman #1 in contact with the meat) folded in two to sandwich the piece of meat, placed in a Whirlpak bag (Nasco, No B1062, 6 o z ) , and kept at cutting-room temperature ( 13 "C) . At the end of the day the samples were transported to the laboratory, and the individual bags were vacuum-sealed and refrigerated at 1°C overnight. The next day the bags were opened and the filter papers were weighed with and without the meat. It was then possible to determine the quantity of water absorbed by the filter papers and the initial weight of the meat sample. The results were expressed as percentage of water absorbed on the filter paper relative to the weight of the fresh meat. The rest of the longissimus muscle that had been put in another Whirlpack bag was used to determine pHu using a Cole Parmer piercing electrode (catalog #J56580-60). The genotype of the pigs from which the loins came from was determined on a piece of fat using the restriction endonuclease assay (Fujii et al., 1991) as modified by Houde and Pommier (1992) . Briefly, approximately 30 mg of fat was placed in 200 gL of proteinase-K buffer, incubated at 56°C for 2 h, inactivated at 95"C, and centrifuged. A fragment of 81 base pairs ( b p ) was amplified with appropriate primers (Fujii et al., 1991) using the polymerase chain reaction ( PCR) . The PCR product was then submitted to HhaI restriction enzyme digestion and separated by acrylamide gel electrophoresis. Statistical analysis was performed using the GLM procedure of SAS (1986) . A complete randomized design was used and Duncan's procedure was used to separate means when applicable. Pearson correlation coefficients were calculated between the different variables. 
Results and Discussion

Effect of Genotype
The loin population used in this study was composed of 75.9% NN, 21.7% Nn, and 2.4% nn samples. The incidence of halothane gene carriers determined by the restriction endonuclease assay in the Quebec pig population was found to be 14.9% Nn and .6% nn . The higher proportions of Nn and nn pigs in this study simply reflected the sampling procedure, which was purposely biased toward choosing PSE loins on the basis of the subjective color evaluation.
It is generally accepted that the PSE condition does not necessarily develop uniformly throughout the loin. Therefore, color was measured at three locations in order to describe accurately the quality status of the loin at least with respect to color. No preferential area developed PSE as judged by L1, La, or L3 values (Table 1) . However, great variation was encountered between individual loins within the different genotypes as judged by minimum and maximum values of L at any location. In addition, on a single loin, the average difference encountered between the highest and lowest value of L between the three locations was 4.27 units with a SD of 2.48, and the greatest Grau and Hamm (1953) and that of Kauffman et al. (1986) and, evidently, coring of samples induced variation in sample size, which was inevitable. However, the correlation between FW and L avg value or pHu were high and comparable to published results (Honikel, 1987; Lopez-Bote et al., 1989) . This supported the reliability of the method to measure FW.
Ultimate pH values were significantly greater for NN loins than for Nn loins. Loins from homozygote pigs displayed an intermediate pHu, and although some studies show differences in pHu due to genotype (Sather et al., 1991b) , other studies do not (Lundstrom et al., 1989) . Results of this study support previous observations on the poorer meat quality from commercial Nn pigs (Sather et al., 1991b) . In addition, the differences observed between genotypes are probably smaller due to a sampling bias toward pale loins, which would tend to increase the frequency of NN loins being PSE. For practical and commerical evaluation we separated the loin population into normal and PSE meat on the basis of the color measured. The palest location on each loin (L max) was chosen as the selection criterion and 53.5 was selected as the threshold barrier beyond which loins would be considered PSE as described in Materials and Methods and as used by industry. Results ( Table 2 ) clearly showed that for loins uniquely selected on a color basis there was a significant ( P < .01) difference in FW between normal and PSE meat. Lower pHu values ( P < .01) for PSE loins also confirmed FW data.
Normal vs
Approximately 60% (550 out of 913) of the loins that were chosen for the study were PSE. This high proportion reflected the sampling procedure and was much higher than the occurrence of PSE meat in that plant (20 to 30%). Hence, the proportion of each meat category within genotypes reflected the selection procedure. In this sample, equal numbers of NN loins were normal or PSE (46.3 vs 53.7%), four out of five Nn loins were considered PSE (20.2 vs 79.8%), and most nn loins gave PSE meat (9.1 vs 90.9%). The distribution profile of the three genotypes within the two meat groups showed that in the normal group 88.4% of the loins were NN, 11.0% were Nn, and .6% were nn. In contrast, the PSE group contained 67.6% of NN loins, 28.7% of Nn loins, and 3.6% of nn loins. As reported previously (Mitchell and Heffron, 1982) , not all PSE meat is caused by MH, but most of the homozygous individuals give rise to PSE meat.
Distribution of Genotypes Within Color, Free Water, and pHu Classes. As mentioned previously, the frequency distribution of a particular genotype across color classes was biased by the sampling procedure, but within a color class the proportion of each genotype could be estimated. The loins were classified with respect to L avg, FW, and pHu ( Table 3) . The ratio of each genotype was determined for these different classes and results were presented in Figure  1 . An increase in the proportion of Nn and nn loins with respect to classification by L avg (Figure l This illustrated the high correlation coefficient between these two measurements and supported previous observations (Bendall and Swatland, 1988) . The classification of loins with respect to pHu also confirmed and supported the correlation coefficients.
General Discussion
Obviously, this data set does not lend itself to the evaluation of the frequency of the incidence of PSE meat. However, for practical purposes and referring to the data in Table 2 , it was possible to evaluate the proportion of the three genotypes within a population and the incidence of PSE meat due to Nn pigs is approximately 30%, then the economic contribution of the halothane gene to the PSE problem is of only 4.5% (14.9% x 30.0%). Hence, preslaughter management practices may be the most important factors contributing to pork quality.
Implications
It is evident that the halothane gene contributes significantly to poor-quality pork. However, eliminating the gene completely will not solve the problem of pale, soft, and exudative meat. Evidently, preslaughter management practices must be improved to reduce preslaughter stress. In addition it may be possible that other genetic predispositions yet unrecognized will be identified with the use of this new DNA-based test to diagnose malignant hyperthermia.
